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NATIONALADVISORYCOMMITIEEFOR AEROIWJTICS

TECBNICALITO’I!ENo. 1709

INVESTIGATIONOF TRE EEEECTSOF A NACELLEON THE

AERODYNAMIC~STICS OF A SWEF’J!WING

AND THE EEFECIBOF SWEEPON AWING ALONE

By GeraldHieserend CharlesF. Whitcomb

An investigationwas conductedto detemine the effectsof a nacelle
on the aerodynamiccharacteristicsof a sweptwiqg e&l the effectsof
sweepon a wing alone. The‘aerodynamiccharacteristicswere detemined
fromforceand pressuremeasurementsand tuft studiesat Mach nunibers
of 0.13 to 0.61 for the wing-nacellecombinationand at 0.13to 0.70
for the wing alone. The angleof attackwas variedfrom 0° to the
stalllnganglesat a Mach nmiberof 0.13 and from -1.65°to 6° at the
higherMach nunibers.

The resultsshuwedthat the measuredvariationof lift-curveslope.
with sweepangleis in good agreementwith theoryup to 300 sweep,but
at greatersweepanglesthe theoq apparentlyunderestimatesthe effects
of sweep. Thx3presenceof the nacelleincreasedthe lift-curveslope
about10 percen~with the wing at 45° sweepbut decreasedthe slope
slightlyat -45 sweep. The nacellehad no effecton the lift-curve
slopeof the unsweptwing. The presenceof the nacelledid not
appreciablyalterthe stalli~ characterist-icsof the wing at sweep
eqjl.esof 45° or -45°, but for the unsweptwing the edd3tionof the
nacellecausedan appreciablereductionin the maximumlift coefficient
and in the angleof attackat meaimumlift.

In general,for Machnwiber.s“;p to 0.61 the drag incrementdue to
the nacellewas lowerfor the sweptconfigurationsthan for the unswept
configuratims.

The additionof the nacelleto the wing reducedthe longitudinal
stabilityat all sweepangles. For both the wing aloneand the wing-
nacellecofiinatim,a markedincreasein longitudinalstability
resultedfrompositivesweep,whereasonlya smallinoreasewas
realizedfor negativesweep(-45°) .

When thewing was sweptback or sweptforwazdto en angleof 45°,
high pressurepeaksand adversepressuregradientsoccurrednear the

leadingedge of the wing at the acutejunctionof the wing end nacelle.
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Recentinvestigationshave been conductedto evaluatethe effects
of ue~ sweepas a means of reduqingand d.ela@ngthe adverseeffects
due to compressibiLL*on the aerodynamiccharacteristicsof awing.

One of the problemswhicharisesis whethermy unfavorable
effectsoccurwhich tendto lessenor cancelthe effectsof sweepwhen
a nacelleis added.to a swept*. A studyof the effectsof wing-
nacell.einterferenceat low speedson a sweptwing with variousnacelle
configurationsis gtvenjn reference1.

The purposeof the presentinvestigationis to determinethe
effectsof a nacelleon the aerodynamiccharacteristicsof a swept
* (overa ~~ spetirq) and to comparetheseeffectswith the
resultsobtainedfrom the unsweptwing and.nacelle. In ~tion, we
effectsof sweep.onthe aerodynamiccharacteristicsof a wing aloneere
/presented.AnNACA 6>-~5wing in combinationwith a modified
~W lU bo~ was testeriin tie ~ey 16-foothim-speed tuunelat
sweepa@Les of Oo, 45°,and -45°for a range of Mach numberfrom 0.13
to 0.61. The *alone was testedat sweepanglesof 00, 150, 30°,
45°, ti -k5°for arange of Mach numberfrom O.13 toO.70.

SYMBOLS

\

A

a

b/2

bt/2

c.

G

Cr

Ct

cA

CA

.

aspectratio (b2/S)

speedof soundin air,feet per second

semispsnof model,feet

lengthof quarter-chordline betweenroot and tip chords,feet
(fig.1)

sectionchordof wing paralJ.elto air stream,feet

mean aerodynamicchordmeasuredparaUel & air stream,feet
(reference2),

chordof root sectionof wing,feet

chordof tip sectionof w@, feet

sectionchordperpendicularto quarter-chord.line of original
wing,feet

averagechord.,feet
[%’ : C9

.
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chordat root of wing determinedby intersectionsof wing
leatingand trailingedgeswith Hne perpendicularto
quarter-chordline of unsweptwing at intersectionof
root chordof sweptwing and quarter-chwdline of
unsweptwing (rig.1)

chOraat tip of wing determined.by intersectionsof * _
leadingand trailingedgeswith line perpendicularto
quarter-chordline of unsweptwing at intersectionof
tip chofiof sweptwing and quarter-chordline of
unsweptwing (fig.1)

drag coefficient (D/q~)

(

~nacelJedrag coefficient
%

lift coefficient (L/q~)

wing nmmal-force coefficient

sectionnormal-forcecoefficient

pitching-momentcoefficientabout

(ll@J

—
aero&namic chord

lift,pounds

drag,pounds

pitchingmomentabout
chord,foot-pounds

sectionnormalforce,

quarter-chord

(n/q~) “

quarter-chord.pointof me=

pounds

wing nomal force,pounds

free-stream-c ~essure,

*area, squarefeet

maximumnaceld.efrontalexea,

point of mean aerodynamic

poundsper squarefoot
()
g+

squarefeet

mass densi* of free stream,slugsper cubic

free-streamveloci~, feet per second

lift-curveslope

Mach number (V/a) “

criticalMach number

foot
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Y

x

z

P

P

Po

a

at

af3
A

spanwisedistancealongquarter-chcrdline of orighal wing,
measuredfrcuntunnelwall,feet

distancein longitudinalplane,feet

nace12elen@h, feet

()-PoP
pressurecoefficient

q

localstaticpressureat any point,poundsper squerefbot

free-s_lxeamstaticpressure,poundsper squarefoot

an@e of attack,correctedfor tunnel-walleffectsand hJ.ance-
framedeflection,degrees

angleof attack,correctedfor tunnel-walleffects,degrees

geometricangleof attack,degrees

sweepan@e betweenlineperpendicularto planeof symmem
-and quarter-chordline of unsweptwing

aspect-ratio-correctionfactorfor lift (reference3)

MODELAI’UlAYPARNIUS

A 10-footHemispanNACA 652-215wing which
3.33feet 5n the unsweptconfigurationwas used

ha
for

in the Lem@ey 16-foot-high-speedtunnel. The wing

#

a mean chordof
the presentstudy
was taperedlinearly

I

!

from a rooi chordof 4.44-fee;to a tip chordof 2.22 feet-andhad no
geometiictwistor dihedral. The airfoilsectionswere perpendicular
to the quarter-chordline of the unsweptwing. The wingwas mountedas
a reflection-planemodel,and sweepwas obtained.by pivotingthe wing
aboutthe ~-percent stationof the root chord. A clifferentwing tip
was usedfor eachangleof sweepso that the tip was parallelto the
tunnelair stream. The spanwiselocationsof the ei@t stationsof
pressureorificeswithreferenceto the tntersect+onof the querter-

. chordlineand the tunnelwaU are givenin table1. The chordwise
locationsare also included. Photographsof the wtig mO~tea in the
tunnelat eachangleof sweepare shownas figm?e2. TableII“givesthe
dimensionsof the wing at eachan@e of sweep.

The nacelLeusedwas a modifiedNACA U-l solid.body (no internal
flow)and was mountedat themidsamispanso thatits longitudinalaxis
correspotiedwith the wing chordline,and the 45-percent-chordstation

.
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.
of the nacellecorrespondedwith the x-percent-chordstationof the
wing. Ths nacellecoordinatesare givenin tableIII. The maxhium
diameterof the nacellewas 1.18feet ml the lengthwas 7.08feet.
Pressureorificeswere locatedon the nacelleat stations3/16inch
from the w- surfaceat the inboardand outboardjuncturesof the w5ng
emd nacelle. Orificeswere alsolocated.on the nacellesurfacein
the verticaland horizontalplanesthroughthe lon@tmU.nalaxis of
symmetry. Photographsof the wing and nacellemountedin the tunnel
at sweep&u@es of 45° and.-45°are shownas figure3. A sketch”showing
the nacellemountedon the unsweptwing is givenin figure4.

In orderto allowclearancefor deflectionsof the tunnelbalance
frame,a gap of 1/2 inchwas providedbetweenthe tunnelwall and tie
wing surface. This gap allowedleakageof air betweenthe tunneltest
sectionand tie test chaniber.In an attemptto reducethe effectof
leakageon the flow aboutthe wing,leakagedeflectim-plateswere
installedon the wing surface. Theseplateswere located1/2 inchfrom
the tunnelwall and extended2 inchesfrom the upperand lowersurfaces
of the wing as shownin figure5. “

Verticalplateswere installedon the uppersurfaceof the wing
at 450 sweepin an attempt

9
“reducethe crossflow overthe wing.

Theseplateswere made from@rich steelplateand were locatedparallel

to the tunnelair streamat qjanwisestationsU, 30, 48, 66, d
84 inchesfrom the root. Theywere 1/2 inchdeepat the 40-percent-

chordstationand extended.to @ inchesbehindthe trailingedge. The

top edgesof the pktes were parallelto the wing chordline. The
wing with the platesinstalledis shownin the sketchof figure6 and
in the photographof figure7.

A furtherstudyof the flow over the Wng at 45° sweepwas made -
by comparisonof the drag characteristicsresultingfrom a stiai@t
vaneparallelta the undisturbedtunnelair streamat the midsemispan
and a curved vane at the, samelocation. The contourof the curved ,
vaneWs calculatedfrommeasuredpressuresat the midsemispanby
am!mmingthat the inducedvelocitieswere impartedonly to the air-
streemvelocitycomponentperpendicularto the qmter-chord line.
The measuredpressureswere obtainedat a Wch numberof 0.56and an
an@.eof attackof 60. Bothvanesextendedfrom 1 inchaheadof the
leadingedgeto ~ inchesbehitithe trailingedgeand had.a constant

depthof 4 inchesabovethe upper-surfacecontour. Sketchesof the
wingwith the straightand curvedvanesinstalledare shownh figure8,
and photographsof theseconfigurationsare presented.as figure9.

TESTS ,

The variationof Reynoldsnmuberwith~ch nuniberis @ven h
figwe 10 for eachangleof sweep. Reynoldsnwnberis basedon the
average chOrdin the directionof the tunnelair stream.

... ..- .. —-- .—-— .—— . .._ —— —- ...-— —.—. ..—
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Pressureand forcemeasurementswere obtainedfor the wing alane
at sweepa@es of O0, 150, 30°,450, and -45°, and.these testscovered
a Machn~er range of 0~13 to 0.71. The anpleof attackwas varied
from 0° to the stallingan@es at a ~h nunlberof 0.13 and from -1.650
to 6° at tie ~~er w numb-ers.

T&t studiesand forcesmd pressuremeasurementswere Obtai~a
for thewing-nacellecambimationat sweepsn@es of Oo, 450,and -45°.
for Mach nuuibersof 0.13,0.20,O.hO,and 0.61. The an@e of attack
-* from 0° to S*MI =@es at a -h numberof OJ.3and
from -1.650h 60 at the otherMach nudwrs. .

For Em@es of attackof 0°, 3°, -6°- ~ti n~ers of 0.13
and 0.20,forceand pressure“measurementsand tuftstudieswere obtained
with the verticalplatestnstalledon the wing at 45° sweep.

.

With tie straightand curvedvanesinstaUed on the wing at 45°
sweep,forcemeasmementswere obtainedat kch n@bers of 0.20 and 0.56
+ anglesof attackof 50, 6°, u P.

1

The changein an@.eof attackdue to tie deflectionof the tunnel
balancefrsmewas determined,and the resultdngcorrectionwas applied
to the angle-ofattackfor all kta exceptthosefor tuft stties and
thoseat a M3ch nuniberof 0.1.3.At thisMach nuder the correction
was ne@@ible.

The @e of attackand all force coefficientswere ccmrected.for
Jet-be- effectsby the reflection-planemethodoutlinedin
reference4. A smallcorrectionfor drag-ofthe leakagedeflection
plateswas appl.led;however,no attemptWas mati to correctthe data
for possibleeffectsof leakageat the tunnelwdl. .

RESULTSh D&U5SION
.

Force Characteristics

Lift.“ The variationof lift coefficientwith angleof attackfor
the ~ aloneat Kch numbersfrom 0.20 t6 approximately0.70and for
sweepsm@es of.0°, 15°, 30°, 45°, and -45° are presentedin figureIL.
The effectof swe.epbackon the-lift-curveslopeis shownin figure12
and is comparedwith the theoretic-variationcomputedby the method.
outlinedin reference3. The agreementbetweenthe experimentaland
theoreticalresultsis very gooaat sweepanglesup to-300;
at largersn@es, the veloci~-componentconcepta~ently

however,
Un&3resttites

11

.

.
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the effectsof sweepon the lift-curveslope. Better
highersweeps~tda be at~ined if it is asswmd that
is the correctreferencein measur@g the sweepamgle,

7

agreementat the
the leading”edge
sincethe leading

edges10pf3d,at an angleof about3° with referenceto”the quarter- :
chordline.

The effectof sweepon the spamwiseloaadistributionof thewing .
is presentedin figure13 for sweepamglesof 0°, 45°, and -45° at wing .
normal-forcecoefficientsC

%
of 0.20 ma 0.40..The centerof load

shiftedoutwardat sweepback scauseof the fact &t the inboard
vorticesweremore effectivein producingupwashon the sectionsnear
the tip. This shiftresultedin a decreaseof inducedangleof attack
and, consequently,an increaseof the effectiveangleof attackwhich
causedan increasein the loadingoverthe tip portionof the wing.
At eweepforwardthe inboardvorticeswere less effectivein producing
-sh at tie tip ~ retit~ m a reductionof hMHng overthe
outboardportionof tie*.

The variationif lift coefficientwith angleof attackfor the
wing-nacelleconibinationis giventi fIgure14 for Mch n~ers of 0.20,
0.40,and 0.61 and sweepan@es of 0°, 450, - -450. The slopesof
thesecurvesp.recqed with the slopesof the curvesfrom the wtcg-
alonedataand are presentedas a functionof Bkck numberin figure15.
Therewas no chamgein the slopeauO to the presenceof the nacelJeon
the unsweptwing in the I@chnaber rangeinvestigated,.At A = 45°
the“~esenceof the nacelleincreasedthe lift-curveslopeby about
~ percent,whereasat A = -45° the effectof the nacellewas to
decreasethe slopes~ghtly. Thesechangesresultedfrom a numberof
effects. The nacellemay be more or less effectiveas a l.tl%ingsurface
thanthe portionof thewingwhich is pr-ojettedthroughthe nacelle. “
The interferencebetweenthe flow fieldsof thewing and the nacelle
tifectsthe lift. T@ changeof the W-flow patternover thewing
whicharisesfrom sweepmightbe altmed somewhat,especiaUy wherethe
nacelleprobmdes aheadof the leadlngedgeand abovethe uppersurface
of the wing. The distributionof dqwnwashover the wing portions
inbcsmland outboardof the nacelle~ be ~lue~ed..

The slopeof the lift curvewas considerablylessat 45° sweep-
forwsxdthanat 45° sweepback.At pegativean@es of sweepthe location
of the trailingvorticeswith respectto theflow fieldaboutthe wing
was suchthat the vorticeswere more effectivein producingdowmwash
thanat positiveanglesof sweep. Consequently,a greaterinducedangle
of attackaud thereforea smallereffective.an@e of attackresulted.

A comparisonof the Uft characteristicsthroughthe stallof the
wing aloneand the wing-nacelleconit)titionfor sweepanglesof Oo, 450, -
and -45° at a I&ch nmber of 0.13 is shownin figure16. The presence
bf the’nacelleon the unsweptwing redzcedthe stallingem@e from 220
h 14°- reducedthemaxhum lift coefficientfrQM 1.36 to I..06.

.

.. . . . . . . . . ...— —.-. .-..—— —— -— — --.—— __ -.. . .— ——.—. -----
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The naceUe, however,had.no seriouseffecton the stallingcharacter-
isticsfor the sweptconfigurations.At 45° sweepbackthemaximm
lift coefficientobtainedfor both the wing aloneand the wing-nacelle “
combinationwas about1.10;whereas,at k50 sweepforward.the maxiunm
lift coefficientobtainedwas “O.97. At thesesweptconfigurations,
for both thewing aloneand thewing-nacelJecwibination,the progress
of stallwas graduel,amd no sharploss of liftwas encounteredup to
about32° an@e of attaok.

Drag.- The variationof drag coefficientwith lift coefficientfor
the*—alone at sweepan@es of 0°, 15°, 30°, 45°,and.-45°is present9d
in figure17 for Mach numbersfrom 0.20 up to the mximum tunnelM@ znmiber
(approx.0.70). In general,the rangeof lift coefficientsin whichthe
drag coefficientsremainedlowerfor the sweptwing thanfor the unswept
wing increasedwith increasinglbch nmiber. At Mft coefficientsbelow
about0.23,the drag coefficientof the 450 sweptforwardwingwas
lowerthanfor the 45° sweptbackwing. At higherlift coefficients,
the dragfor 45° Sweepforwsrdincreasedmore rapidlywith inc?x3as5ng
lift than for 45° sweepback.This differenceof increasein *g with
lift is amociatedwith the lowerlift-curveslopeof the wing at
sweepforward. .

The drag coefficientwas slightlyhigherfor the 15° sweptwing
thanfor the unswept~ at all valuesof llft coefficientand Mach
number. Apparently,the benefitsdue to sweepwhichtendedto reduce
the drag (for A = 15°)were smallerat finitevaluesof lift coefficiti
thenthe adverseeffectsdue to the smalleraspectratioand lowerlift-
curveslope. The causeof the dragdifferenceat and nesr zero lift is
not appsment,but the clifferpnceis refitlvelyemslllin magnitude.

lh figure 18 the variationof drag coefficientwith-lfft coefficient
is presentedfor thewing’nacellecmibinationat sweep&u@es of 0°,
450,and -45°and Mach numbersof 0.20,0.40,and 0.61. A comparisonof
thesedrag coefficientswith the drag of.-@q wing alonefor lift coef-
,ficientsof 0, 0.20,and 0.40 is presentedaS a functionof lhch number
in figure19. The incrementsof drag coefficientdue to the nacelleat
a lift coefficientof 0.20over theMch numberramgefrom 0.20 to 0.61
were approzhmtely0.0016,0.0010,and 0.0012for Oo, 45°,and -450sweep,
respectively.In orderto camparethe naoelledrag incrementfor the
varioussweepsamd Mach nmbers, the nacelledra~ coefficient

%?
(based

on themaximumnacellefrontalarea)is presentedas a function lift
coefficientin figure20. Ih geneml, the nacelJedrag coefficientfor
the wing at 45° and -45°sweepwas lowerthanfor the unsweptwing.
Thisdtfferenoewas probablydue in psrt to the smallerwettedarea of
the nacellein the sweptpositions.

One of the primeryeffectsdue to the presence of”the nacelleon”
a wing is the fact that the nacellerepresentsa solidboundez’ywhich
inhibitsspanwiseflow overthe wing surfaces.Zn orderto gainsome
hd.ioationof the effectsof such
sweptwing,the variationof drag

—. — -.. .. —.—. . . . . .- -. ,.,.. . . ..,

a solid boundsxyon .$hedr~ of a
coefficientwith lift coefficient

-. --, --- - .-
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presentedin figure21 for the w@ at 45° sweepbackwith the curved
and straightvanesinstied. A somewhatlowerdragresultedfrcm the
curved-vaneconfiguration.

Pitchingmoment.- The variationof pitching-momentcoefficientwith
lift coefficientfor thewing aloneat Mach nunibersrangingfrom 0.20
to approximately0.70 is givenin figure22 for sweepanglesof O0, 150;
30°, 45°, aua -450. The pitching-momentdatafor the wing-nacelle
conikhationme shownin figure23 for sweepanglesof Oo, 450,and -45°
ami Mti numbersof 0.20,0.40,arUI0.61. me effectof nace~e -
sweepon the slopeof the pitching-momentcurveis presentedin figure24
at a Mach numberof 0.61. The effectof the nacellewas to reducethe
stabilityslightlyat all anglesof sweep. Sweepingthe wing in the
positivetiection restitd in“amerked.ticreaseof stability-whichwas
causedby the outwardshiftin the centerof load as was shuwnin
figure13. At -45°sweepthe stabili@ was increaseddue to the inward
shiftof the centerof lad.

PressureDistributions

Fressuredistributionsof the wing-nacelleinboardand outlmaml
junctures=8 presentedin figures25 to 27 for sweepan@.esof 0°,
45°, and -45° at lift coefficientsof 0.20and 0.40and hch nuiberof
approximately0.60. No adversepressurepeakswere presenton the
unsweptcotiiguration.At A = 450, highnegativepressurepeaksand
adversepressuregradientsexistedn- the leadingedgeat the tibO~a
Juncture,whereasat the negativesweeppositionthe sameflow cheracte~
isticsresultedat the OutbO~a juncturenear the leadingedgeof the
wing. The criticalMach numberwas surpassedfor the sweptbackposition
at lift coefficientsof boti 0.20end 0.40and for the sweptforwerd
positionat a lift coefficientof 0.40. Despitethesesupercritical
pressurepeaks,the nacelledragfor the sweptconl?igurationsbased
on nacellefrentalarea was lowerthanfor the unsweptconfiguration
as is shownin figure20. Apparentlythe prpssurepeakscausedby
wing-nacelleinterferencewere too localizedin thel&ch numberrange
investigatedto influencethe over-alldragmaterially.At higherMach
nuderp, howwer~ tie ~~eree ~es~ Pe* at Mese configuratims
wouldundoubtedlybs extendedsufficientlyto ‘incYeasethe over-all
drag. Testsof a high-aspect-ratiosweptwing in combinationwith a
fuselageconauctea-m tie~ey 8-foo*M@-speed. ~el *OW tit a.
severedragrise occursat the acutejuncturein a Mach numberrange
abovethatof the presentinvestigation.The sweptw$ng-nacelleinter-
ferencewhichcausessucha dragrisemay be reducedby properjuncture
mo~ications; the natureof whichwouldrequirea detailedstudy. The
data in,reference1 indicatethata modificationin the contourof the
nacelle~~ortionwhichprotrudesaheatiof the-wing leadingedgeto
confom with the flow pattefnimmediatelydhfflaof a sweptwing is
effectivein reduc~ the pressure

. . .....— ... .. . . ..— —.— .— —- —-—,,

pea$sat the juncture./
\
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10 NACA TN NO. 1709

Figures28 to 30 showpressuredistributionsonetheupper~
lowersurfacesin the verticalplaneof spnet~ of the nacellefor
sweepanglesof 0°, 45°,and -45°at a Mach numberof about0.60and
lift coefficientsof 0.20and O.@. For the sweptconfigurationsthe
pressuregradientsbehindthemaxhmm negativepressureswere more
gradualthanfor the UnsweytConfiguration.In addition,the effect
of the sweepwas to move the centerof pressureforwardon the nacelle.
No extremepressureyeaksoccurr~ over thisportionof the nacelJ.efor
amy of the test conditions.

Pressurecontoursfor the upperand.lowersurfacesof the *
aloneare presentedin figures31 to 42. As would be expected.from
the tieoryof sweey,the negativepressureson both the upperand lower
surfaceswere reducedas the sweepwas tireased. Figures31 to 33
shuwthe effectsof sweepon the locationof the peak pressuresfor a
lift coefficientof 0.20and a Mach numberof 0.61. At zero sweep, the
peakpressureson the uppersurfaceoccurredat aboutthe 35-yercent-
chordstationoverthe entirespanof the wing. For the wing at 450,
the peakstowardthe @card portionof the wing remainedat aboutthe
35-percent-chofistation,whereasmum the tip they shiftedforwardto
the leadingedge. At A = -450 tie ~~ ao~ the span Ocmea at

the leading edge except for thosenear the tipwhichw6re shifted
slightlyrearward. The effectsof sweepon the sp~wise dlstmibution
of peakpressuresare also evidentin figures31 to 33. The peaks
shiftedOu*a for pdsitivesweepand -a for negativesweep.
This effectis consistentwith the spsmwise-loadingcurvespresented
in figure13. It is apparentfrom figures32 and 33 that the spsmwise
pressuregradiemtat sweepforwsrdwas greaterthemat sweepback;ad
sincethe peakpressuresoccurredfartherfO~a on the wing at sweep-
fO~a, the gratienteffecteda spanwiseflow overa greaterportion
of the w3ng.

Figures34 W 35 presentpressurecontourson the wing at a lift
coefficientof 0.20and a -ch numberof 0.61for sweepan@es of 150
and 300,respectively.Thesefiguresshow@at the peakpressureson
the ~per surfacewere shifted‘progressivelyoutboerdas the sweepan@e
was increased. lh addition,increasingthe sweepreduced,the magnitude
of the pressureson both the upperand lowersurfaces.

A comparisonof figures31 and 34 shuwsthat the spanwisepressure
gradientalongthe lrailingedgefor the 0° and 15° sweeppositions
were of approximatelythe samemagnitudebut oppositein slope. ~s
fact indicatesthat the spenwiseflow in the boundaryUyer shouldbe
of aboutthe samemagnitude.

Pressurecontoursfor thewing at A = 0°, 45°, @ -45° for a
lift coefficientof 0.20and a Mach nuniberof 0.20are ~resentedin
figures36 to 38. A comparisonof thesepressureswith thoseof
figures31 to 33 indicatesthata changein Mach nuuiberfrom 0.20 to 0.61
haa no appreciableeffecton the pressurecontours.

.

.
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.

The contoursof
sweepbaokfor a llft

figures39 end 40 are shownwith the wing at,45°
coefficientof zeroand~ch numbersof 0.20

= 0.61,respeotive~~ The uppersurfacepeaksacrossthe span
“ occurredbetweenthe 45- and x-percent-chordstationsat bothMach
numbers. Increasingthe lift coefficientto 0.40 shiftedthe peak
pressureson the uppersurfaceto the leadingedgeof the wing
(figs.41 and 42).

Figures43 to Z shuwthe pressurecontoursfor thewing-nacelle
oonibination.Thesedataare presentedfor the samelift coefficients,
Mach nwibers,amd sweepan@es as are givenfor the wing aloneIn
figures31 to 33 ad 36 to 42. AS was previous- shownin figures26
M 27, high localized pressure peaksexistedat the leadingedgesof
the wing-nacellehiboard@ncture of the sweptbaok* end thewing-
nacelleoutboardjunotureof the ~ptf~a wing. In general,the
linesof constantpressureon both the u~er and lowersurfacesat
these$mOtures were so alteredbecauseof thewing-nacelleinter-
ferencethattheybecemenormalto the air stream. Thisfaot indioates
thatin the vicinityof the ,Wnoturewherethe criticalwessures were
exceeded,the resulthg shock-alsooccurredin a ~ectio~
the air stream;therefore,the loss throughthe shockwas
wouldhavebeen eqerienoed.had the shockbeen obliqueto
fluw.

The pressurecontourson the 45° sweptbackwing with

nm’mal to
greaterthan
&e anooming

vertical plate~
i.mdbaj fw a lift coefficientof 0.40 d a Maoh numberof 0.20,
are presented.in figure53. Apparentlythe plateswere somewhateffective
In reduoingtie extremelocalized~essure peaksat the leadingedgenesr
the tip,but they did not alterthe pressurepatternon the trai~
portionof *e wing.

VisualObservationof Flow Characteristics

The flow patternsin the boundary@ar on the wing aloneand the
wing-naceld.econib~tionfor sweepsnglesof 0°, 450,and -45°at
variousanglesof attaokand Mach numbersare presentedh figures54-to 57.
Thesep&tternewere interpretedfrom tuft studiesof the flow overthe
model. With thewingat A=Oo and A=45° qnd.angles ofattaok
for a lift coefficientof 0.40,the additionof the nacelleoaueeda
slightdeviationof the flow in the imediat6 vicini~ of the nacelle
* (fi& ● * ~ 55)’=Fiwe 56 showsthat,at tie samelut coef-
ficient,the additionof the nacelleto the swept!?ozwardwing resulted
in no detectabledeviationin the flow. n addition,figures55 and 56
indioatethatneitherthe distortionof the air strea due to the velocity
components.whiohresultfrcm sweepnor the spanwl.seflownear the *ailing
edgewas alteredby the presenoeof the nacelle.

●

-. — —.-. ... .. -—— — ..— — —.— -.— ——— ..._. _.,.
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.

Comparisonsof the flowpatternsover thewing and thewing:
nacelleccmMnations=8 presentedin figure57 at geometrican@es
of attackof 180, 22°,and 200 for sweepan@.esof 0°, 45°,and -45°,
respectively.At A = 0° the additionof the nacelleappreciably “
ticreasedthe srea overwhichunsteadyflow occurred.,which indicates
thata substantieJ.loss of liftresulted. The patternsfor the swept
configurationsshowthat the presenceof the .paceld.ehad very little
M?luence on the fluw characteristicsoverthewing and did not
appreciablyincreasetie area of unsteadyfluw. The resultsshownby
thesepatternsserveto su~emmt the lift tits of figure16.

The flow patternoverthe wing.at450 sweepbackand at a geometric
a@e of attackof 6° with the verticalplatesmountedon the upper
surfaceis presentedin figure58. Thispatte?.mshowsthat tie plates
were relativelyineffectivein reducingthe boundary-lapr s@amwlse
flow over the ~ portionof the wing. Visualobservationsof
tuftsnunzntedon the surfacesof the platesindicatedthatthe air
flowedupwardon the inboardsurfacesof the plates&ad &mmward on the
surfacesfacingoutb-.

Figure59 presentsthe flowpatternsoverthe wing at A = 45° wiih
the straightand curvedvanesinstalled.The d.lstortionof flow am to
sweepbackwas reducedimetiately-outboardof the straightvane,whereas
tie curvedvanehad no noticeableinfluenceon the patternof flow.

CONCI..IOlW /

.

The rekultiof an investigationto detezninethe effects.of a
nacelleon the aarodpamic characteristicsof a sweptwing end the results
of the effectsof sweepon the aerodynamiccharacteristicsof the wing
aloneled to the fol@wtng conclusions:

1. The eqerimentalvariationo’fwing lift-curveslopewith sweep
an@e is in goodagreementwith the theoreticalvariationup to 30°
sweep. At greatersweeps,however,the veloci~-componentconcept
apparentlyunderestimatesthe effectsof sweepon the lift-curveslope.

2. The pres=ce of the nacelleincreasedthe lift-curveslopeof
the 450 sweptbackwing by abqut10 percent,whereasthe nacelleslightly
decreasedthe lift-curveslgpeof the 45° mptfO~a wing. The nacelle
aia not tifect the lift-curveslopeof the unswept*O

3. The presenceof the nacelledid not a~eciably alterthe lift
and stallingcharacteristicsof tie wing at sweepan@es of 45° or -45°,
but for the unsweptwing the additionof the nacellecausedan appreciable

/ reductionof the maximumlift coefficientand of the an@e of attackfor
maximumld.ft.At 45° or -45°sweepthe progressof stallwas gradual
and no sharploss of llftwas encounteredup to an an@e of attackof
about32°.

V

. . .-
... - .- .--,,-. . . -. . .
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k. h genereL, for I&oh
to the nacellewas lowerfor

13

nunbersup to O~61the @ag incrementdue
the sweptconfigurationsthanfor the

unsweptcotiigurations.At a lift coefficientof 0.20and lhch nuuibers
rangingfrom 0.20 to 0.61, -the drag incrementswere ap~oximatd.y0.0016,

0 450,ad. -k50sweep,respectively.0.0010,and 0oO012for O ,

5. The presence of the nacellendncdl the longitudinalstability of
the wing slightlyat all sweepangles. For’boththe wing aloneand the - .
naoelJ_eccmibination,a markedincreasein lmgitud3ml stdbilityresulted
.f3xmpositivesweep,whereasonly a amsXlincreasewas reaJize&for
negativesweep(-45°).

6. When the wing = sweptback or swept‘forwardto an engleof 45°,
highpressurepesksend adverse pressure gmadientsocc~ea near the
leadingedgeof the wing at the acnrtejunctionof the wing and nacelle.

La@ey AeronauticalLaboratory
.

0

NationalAdvisoryCammitteefor Aeronautics
~ey Field,Va., June 8, lg48
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-I

_ HUB5UM(lKU?ICELOCATI~

Spamise locations Chordwiselocations,x~c
(a)

Distancealongquarter--
chordline from
tlmnelwall Upper surface Lowersurface

(in.)
o 0

A=OO A = 30°
.004 .004

15.00 22●7O
30.00 37970
45.00 52.70

.008 .008

52.25 059.95
67.75

.O11
g:

.010

75.00
97:70

.015 .025
go.00
104.00 ld_l.70 .025 .050

A= 15° A= 45° .050 .100

18.55 28.45
33●55 43.45

.075 .200

k8.55 58.k5 .100
55.80 65.70

.250

71.30 8.I.20 .150 9350
78.55 88.45
93●55 103.45 .250 .450
107955 117.b5

-45°
.350 .550

A=
.450 .650

1.75
16.75 .550 < ,.750
31.75
39.00
54.50

.650 .850

61.75 9750 9950
76.75
90*75 .850 -----

. 9950 ‘ -----

%easured.for all sweepan@es. ‘~

—.- .—— —.. _ .. .... . . ___ __ ._ -. __.. . . ———- —-. . ..—---- .—, . . —_.—-.’
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.,
,,



NACA ~ NO. 1703

TABLEII

GEllMMLDIMENSI(lNSOF THE NACA 652-=5 lJll?fJ
.

15

30

45

-45

b/2
(ft)

10.00

9.81

8.96

7.51

6.72

A

6.00

5.76

4*7E

3.32

2.66

1 1 1 I

4“Y2”2213”M14”M2“22
4.5412.2713.5314.5112.25

4.99 2.49 3.88 4:59 2.29

6.02 2.99 4.68 4.69 2.33

6.7513.3+.241 4.1~ 2.09

%
(Sqft)

33*33

33.38

33950

33.85

33=94

?)’/2
(ft)

10.00

10.15

10.32

10.64

9.51

15

‘A
(ft)

3933

3.38

3.44

3.51

3.13

.— . . . .. —.—. —.— — ——— .— —.-
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TAELEnI

NACA ~ NO. 1709

Distance&ng longitudinal
axis of nacelle Radiusof nacelle

(in.) (Ill.)

!.062 ? .345
2.I-23 2.031
4.246 3.050
:.:2 3●793

● 4.387
:.;g 5.251

. 5.886
21.230 6.355
25.476 6.709
29.722- 6.950
339967 7.077
38.213 7=077
42.459 6.978
46.705 6.737
m .951 6.355
55.197 5.&)3
59.443 5.123
63.689 4.331
67.935 3.474
72.M31 2.625
g.$ - 1.762

●877
& :799 .441
84.919 0

— —-
-=i@RiumzJ7-

.

.

.

,

1,

t

I
t

,,t

b

I
—. ----. —...“--— =-”” ., -—- --, -—
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Air flow

1-0.
17

Figure 1.- Chords and spans on swept wing.

Wing shown at A=45°.
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(a) A = OO.

(b) A = 15°.

19

.

(C) A = so.

Figure2.- Wing mountedinLangley16-foothigh-speedtunnel.

~’
L-56603
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.

.

(e)A =-45°.

Figure2.- Concluded.
v
L-56604

(d)A = 45°.
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(a) A = 45°.

.

(b)A = -45°.
I,

F@re 3.- Wing-nacellecombinationmountedinLangley16-foothigh-
speedtunnel.

v
L-56605.
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A

..— —

.

.

<
Wing 50percent-chordstation

I Nacelle 45-percent-chord station
I

.—

Section A-A I

(token ot 50 percent semispan~

f .

Figure 4 .— bcation of nacelle on wing at A= 00.
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Figure 5.- Location of leakage deflection plates.
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Air flOW
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I Reart
I t view

[

6.- Wing at 450 Sweepback with vertical platesT
installed on .upmr surface.
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,>

,
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- L-51(N9

Figure7.- Wing at45°sweepbaclrwiti.verticalplatesinstalledonuppersurface.
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Air flow

I

/“ Seotion at midsemkpan

~::

(a) Wing with straight vone.

Air flow

~;%”
(b) Wing with curved vane.

Figure 8 .— Wing at 45° sweepback with s~ght and cuwed vanes mounted at , ..

‘midsemispan. =E=”~
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_-, . .

33

- (a) Whg withstraightvane.

.

(b) W- with curved vane.,

F@ure 9.- Wing at 45° sweepbackwithstraightandcurve$lvanesinstalled.

T
L-56606

. . . ..-. -. —-.—— . -. ——.—. .-— —— — -—--—— _— —---—- ——-—



e

.

.

8

,,

4

,

-. . ..~:~-. - . . ... . -. -- .
-., . .}



NACA TN No. 1709 35

18X

.

A ,deg

I I I I I 1 I

!
4 “ y’

Jr //

1 I I # 1 , ,

I=Q55?I I
I I I I t 1

I

1 , , ,

I I I I
v I I 1. I I I I I I I 1 I 1 !

‘O .1 .2 .3 4 .5 .6 .7

Mach number, M

Figure 10.— Variation of Reynolds number with

Mach number and sweep. ( Reynolds number

is based on average chord in ‘stream direction.)
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Figure I I .—
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Variation of lift coefficient with
attack for wing alone.
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Angle of attack, a, deg

(b) M= O.30.

37

Figure II .— Continued.
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Figure I I .— Continued.
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.6
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4
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(d) M=

A, deg . /
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— ❑ 15
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/
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Angle

0.51.

24
of attack

Figure I I .— Continued.
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Angle of attack, C, deg
(e) M= O.56.

Figure I I .— Continued.
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Figure 13.— Variation of spanwise load distribution with angle

of sweep. M =0. GI.
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Figure 14.— Variation of lift coefficient with

angle of attack for wing-nacelle combination. J
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Figure 16 .— Variation of lift coefficient with angle of attack
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